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(57) ABSTRACT

In a motor controller according to the present invention, a
speed control unit 24m includes an integrator calculating an
integrated value Sm of a speed error om-wm' between a speed
command value wm and a rotation speed wm' and generates a
torque command value Tm based on wm-wm', a predeter-
mined value, a proportional gain and an integration gain. A
speed control unit 24s includes an integrator calculating an
integrated value Ss of a speed error ws-ws' between a speed
command value ws and a rotation speed ws' and generates a
torque command value Ts based on ws-ws', the predeter-
mined value, a proportional gain and an integration gain. An
integrated value selecting unit 28 selects any one of Sm and Ss
as the predetermined value, depending on a drive status of a
main motor 6m and a sub motor 6s.

3 Claims, 5 Drawing Sheets

|13

ww' [ WGTOR_SPEED [ 11"
DETECTOR |~

in !Qm’

WOTOR SPEED o—11s 1s’

10
WOTOR CONTROLLER @ WTR L
im / POSITION
DETECTOR
g 21w
. TNVERTER
g
Z3m 1 5m - WACHINE
) i
g 25 - s - 26m : ‘
o ? s CURRENT L
o |se CONTROL UNIT T
g \ 2 57 P CONVERTER 8§5¥E¥
=
| RCCELERATION Ly
g By CALGULATING |- r 255 CORRENT %
I W T 3
PRELOAD TORGUE | INTEGRATED
VALUE GENERAT ING| YALUE
ONIT SELECTING 945 s .
UNIT 2s 55
~ [FoSTTION SPEED
= SOMOMIRIL | 2OrICONTR INVERTER
2187 ONIT =) lonr (
95-6x  “228 |lys-ws’ HOTOR {
i Vs poSITION
Ts STORI

Tgs’

e LDETECTOR __[°



US 9,164,495 B2

Sheet 1 of 5

Oct. 20, 2015

U.S. Patent

o - 90I93aal.sm
501~ ek 51 Sti——{ G5 WOLA[
80193130 5
; NG11150d ) m .
m HO10H | R [ sms | szae XG50
{ 3 i : @
- i inj 7 oL
40L0H | T (5 T
S REIRENVI S < = 081800 kﬁ» DHLNDD .
f w% ( W Jop ol @%N |+ |no1Lisod e 58
o 55 /| sy 8¢ 1NN
o/ o/ LINT BNIAIHG SV gN11o373s 1NN
HOLOW 1SS Bg A IDNLLYHINID 3NWA
m/ | ﬁ P ~TOaLVNDAINT | ANDEDL GV0T3dd
. LiNg ) / T \
) TO¥INGD  sg e WY WO—
- W ANZREHAD ~ © JNOT LT 100V "
103080 [ o7 . ( M
NAATNE ¥ALHIANDD| L _ \ |
T e LI
|
e A wgl | sg \ T
¢ A+ )
40193130 | xg i %
NOILISOd \
awzguéf,fm T N ENHN
- 7 Lt ). R -
m mm%m A LA o ﬂmm%ammﬂom;w — zmmwmmw : i
| e il (Rl .
) (17 oy | il ‘ N IT
| 7 m it | wer-um o Xg-lg
B it A A LT | iz
ug, /010K uy INIAINO HOLOW u; " , HATIONLNGD HOLOW
i o
, . A OTHETEN 71/ e -]
w wmm EZ(\; 23dS HOLOW § wm

NASTER CONTROLLER




U.S. Patent Oct. 20, 2015 Sheet 2 of 5 US 9,164,495 B2

F1G. 2 - 24m

‘ SPEED CONTROL UNIT ,32m
o ( L% |Tm_ 10 ADDER

L) I
ggiTRAUTER L }+ ! o
=4 INTEGRATOR | = 34w
%8 -33m

3
\) Sm| “3im 7

INTEGRATED VALUE
SELECTING UNIT

O RATION 21 ETERMINATION | 7\

CALCULATING UNIT 1
UNIT 27 o [
Y
Ssi  28p
338
> INTEGRATOR | L

ggg?mmm WS’ | S8 N _ﬁ& Ts 2? ADDER

ous 3 '

23 SPEED CONTROL Ml N

\ 24s

| SELECT INTEGRATED
VALUE Ss VALUE Sm

! -




US 9,164,495 B2

Sheet 3 of 5

Oct. 20, 2015

U.S. Patent

JWiL

7 914

\

{E

NOLIVYII300Y




US 9,164,495 B2

Sheet 4 of 5

Oct. 20, 2015

U.S. Patent

BN

B

t 4
i H i
] i 1

S T L T

Tt s B
3 [

T
i

i~

I

t

i
pm e

1

I

i

i

I

1

i

f

1

i

t

L

R

13
t £

wnwazm S TR WY S

1
i
: §
S S S U
i
i

U U S U
1 i
1 i

b}

! ]

04 B4

g

H0443
NG111S0d

IHERE Y

il

. , #
i H 5
i ¢ 3
e et s o e e s i e e b i ot e
¥ ? [
i 3 1
1 ] Km L)
b e o e b e i o
i ﬂ i
: s
i .M ;
[ERDRTEOTE SSRVUR: I JEOR U
H

B

o e e e

g

'

e
¥
i

e wemd wec b

i
ke
s

1
§
}

et e e e o et e el e e e ]

ot o o o o o e e e e e i

45 914

T Y
‘ 3
H t

3
t
+
I}
i
t

1
I
1 1

g\

§

b cns ao'am e e e adis e e o am

¥
]
i
¥

¥

foe s

HOUH3
NGILISOd

NG



U.S. Patent Oct. 20, 2015 Sheet 5 of 5 US 9,164,495 B2

FIG. 6
f24m
oo SPEED CONTROL UNIT ,oom | _
T o LT TO ADDER
22m L IS]m /‘/ :,t-x ~N 41im
] INTEGRATOR |—{™> S
\ < 3om
INTEGRATED VALUE
SELECTING UNIT ”
EROM 28
ACCELERATION & | | DETERMINATION]-
CAL CULAT ING NIT -
UNIT 27
- 283
Sn— | ~Ss
{ 33s
-] INTEGRATOR ﬁ ,
FROM , - |
SUBTRACTER WS- s’} | LA - “‘IQ“‘“”E? AODER
N 4 5 is
238 SPEED CONTROL UNIT “325 ™,

\\243



US 9,164,495 B2

1
MOTOR CONTROLLER CONTROLLING
TWO MOTORS FOR DRIVING SINGLE
DRIVEN OBJECT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a new U.S. patent application that
claims benefit of JP 2013-150939, filed on Jul. 19, 2013, the
entire content of JP 2013-150939 is hereby incorporated by
reference.

FIELD OF THE INVENTION

The present invention relates to a motor controller control-
ling two motors for driving a single driven object.

BACKGROUND OF THE INVENTION

Some motor-driven objects in machine tools and the like
can be so large that the driven objects cannot be accelerated
and decelerated by one motor alone. Furthermore, large back-
lash between mechanical elements of a transmission mecha-
nism connected to a motor drive shaft and a driven object may
prevent the driven object from being stably moved. In that
case, tandem control is employed in which a single driven
object is driven by two motors (For example, Japanese Unex-
amined Patent Publications No. JP-A-8-174481, JP-A-2003-
79180, JP W0O2004/92859, JP-A-2009-177881).

In such tandem control, one of two motors functions as a
main motor having a drive shaft that acts as a master shaft
coupled to a transmission mechanism. The other motor func-
tions as a sub motor having a drive shaft that acts as a slave
shaft coupled to a transmission mechanism.

To perform tandem control, backlash between mechanical
elements of the transmission mechanism connected to the
drive shaft of the motor and the driven object needs to be
minimized. Therefore, a motor controller has been proposed
that generates a preload torque value, which is a torque value
added to a torque command value beforehand such that a
force applied to the drive shaft of the main motor and a force
applied to the drive shaft of the sub motor are in opposite
directions (For example, Japanese Unexamined Patent Pub-
lications No. JP-A-8-16246, JP-A-2001-273037).

Further, adverse effects caused by a difference between the
timing of detecting the speed of the main motor and the timing
of detecting the speed of the sub motor on control of the
motors and the like and overheat of the motors caused by such
differences in tandem control need to be avoided. Therefore,
a motor controller has been proposed that uses an integrated
value of speed error between a speed command value for the
main motor and the speed of the main motor to generate a
torque command value for the main motor and a torque com-
mand value for the sub motor (For example, Japanese Unex-
amined Patent Publication No. JP-A-2003-189657).

Another motor controller has been proposed that generates
a preload torque value and uses an integrated value of speed
error between a speed command value for the main motor and
the speed of the main motor to generate a torque command
value for the main motor and a torque command value for the
sub motor (For example, Japanese Unexamined Patent Pub-
lication No. JP-A-2010-172054).

The integrated value of speed error between a speed com-
mand value for a main motor and the speed of the main motor
may be used to generate a torque command value for the main
motor and a torque command value for a sub motor. In that
case, there is a problem that when the sub motor is being
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mainly driven, in other words, when the acceleration of the
main motor is negative, a position error between a position
command value for the sub motor and the position of the sub
motor can increase to the extent of adversely affecting the
control of the motors.

An object of the present invention is to provide a motor
controller capable of avoiding adverse effects of an increased
position error on the control of two driven motors when any
one of the two motors is mainly driven.

SUMMARY OF THE INVENTION

A motor controller according to one embodiment of the
present invention is a motor controller controlling a first
motor and a second motor in order to drive a single driven
object. The motor controller includes a first position control
unit generating a first speed command value on the basis of a
position command value for the first motor, position informa-
tion relating to the first motor and a first position control gain
in order to control a position of the first motor, a second
position control unit generating a second speed command
value on the basis of a position command value for the second
motor, position information relating to the second motor and
a second position control gain in order to control a position of
the second motor, a first speed control unit including a first
integrator calculating an integrated value of a first speed error,
the first speed error being a speed error between the first speed
command value and a speed of the first motor, the first speed
control unit generating a first torque command value on the
basis of the first speed error, a predetermined value, a first
proportional gain and a first integration gain in order to con-
trol the speed of the first motor, a second speed control unit
including a second integrator calculating an integrated value
of'a second speed error, the second speed error being a speed
error between the second speed command value and a speed
of'the second motor, the second speed control unit generating
a second torque command value on the basis of the second
speed error, the predetermined value, a second proportional
gain and a second integration gain in order to control the
speed of the second motor, an integrated value selecting unit
selecting any one of the integrated value of the first speed
error and the integrated value of the second speed error as the
predetermined value, depending on drive status of the first
motor and drive status of the second motor, a first motor
driving unit driving the first motor on the basis of the first
torque command value, and a second motor driving unit driv-
ing the second motor on the basis of the second torque com-
mand value.

Preferably, the integrated value selecting unit selects the
integrated value of the first speed error as the predetermined
value when an acceleration of the first motor exceeds a first
value which is greater than zero, and selects the integrated
value of the second speed error as the predetermined value
when the acceleration of the first motor decreases below a
second value which is smaller than zero.

Preferably, a motor controller according to another
embodiment of the present invention further includes a pre-
load torque value generating unit generating a first preload
torque value and a second preload torque value such that a
force applied to a drive shaft of the first motor and a force
applied to a drive shaft of the second motor are in opposite
directions, the first preload torque value being a torque value
to be added to the first torque command value beforehand, the
second preload torque value being a torque value to be added
to the second torque command value beforehand.

The present invention is capable of providing a motor
controller that avoids an adverse effect of an increased posi-
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tion error on the control of two driven motors when any one of
the two motors is mainly driven.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a system including a motor
controller according to an embodiment of the present inven-
tion;

FIG. 2 is a diagram illustrating an example of an integrated
value selecting unit and a speed control unit in FIG. 1 in
detail,

FIG. 3 is a flowchart of an operation of the motor controller
illustrated in FIG. 1;

FIG. 4 is a diagram illustrating an example of variations
with time in acceleration of a motor controlled by the motor
controller illustrated in FIG. 1;

FIG. 5A is a diagram illustrating an advantageous effect of
a motor controller according to the present invention;

FIG. 5B is a diagram illustrating an advantageous effect of
a motor controller according to the present invention;

FIG. 5C is a diagram illustrating an advantageous effect of
a motor controller according to the present invention;

FIG. 5D is a diagram illustrating an advantageous effect of
a motor controller according to the present invention; and

FIG. 6 is a diagram illustrating another example of the
integrated value selecting unit and the speed control unit in
FIG. 1 in detail.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Embodiments of a motor controller according to the
present invention will be described in detail with reference to
drawings. Like elements are given like reference numerals
throughout the drawings.

FIG. 1 is a block diagram of a system including a motor
controller according to an embodiment of the present inven-
tion. The system illustrated in FIG. 1 includes a three-phase
alternating-current (AC) source 1, a converter 2, a smoothing
capacitor 3, inverters 4m, 4s, current detectors 5m, 5s, a main
motor 6m which is a first motor, a sub motor 6s which is a
second motor, transmission mechanisms 7m, 7s, a driven
object 8, a machine position detector 9, motor position detec-
tors 10m, 10s, motor speed detectors 11m, 11, a motor con-
troller 12 and a master controller 13.

The three-phase AC source 1 may be a commercial AC
source. The converter 2 includes, for example, a plurality of
rectifying diodes (six rectifying diodes in the case of three-
phase AC) and transistors connected in antiparallel with the
rectifying diodes, and converts AC power supplied from the
three-phase AC source 1 to DC power.

The smoothing capacitor 3 is connected in parallel with the
converter 2 so as to smooth a voltage rectified by the rectify-
ing diodes of the converter 2. The inverters 4m, 4s are con-
nected to the smoothing capacitor 3 in parallel and include,
for example, a plurality of rectifying diodes (six rectifying
diodes in the case of three-phase AC) and transistors con-
nected to the rectifying diodes in antiparallel. The inverters
4m and 4s turn on and off the transistors in accordance with
later-described PWM signals Vm and Vs, respectively, to
convert DC power resulting from conversion by the converter
2 to AC power.

The current detector 5m is provided on the output line of
the inverter 4m so as to detect a value of current Im' flowing
into the main motor 6. The current detector 5s is provided on
the output line of the inverter 4s so as to detect a value of
current Is' flowing into the sub motor 6s. In the present
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embodiments, the current detectors Sm, 5s are implemented
by hole elements, for example.

The main motor 6 includes a drive shaft acting as a master
shaft coupled to the transmission mechanism 7m and is driven
by electric power accumulated in the smoothing capacitor 3.
The sub motor 6s includes a drive shaft acting as a slave shaft
coupled to the transmission mechanism 7s and is driven by
electric power accumulated in the smoothing capacitor 3.

In this embodiment, each of the main motor 67z and the sub
motor 6s is implemented by a rotary servomotor having per-
manent magnets provided on one of a rotor and a stator, a
linear servomotor having permanent magnets provided on
one of a stator and a slider, a vibration servomotor having
permanent magnets provided on one of a stator and a vibrator,
an induction motor without using permanent magnets, or the
like.

The transmission mechanisms 7m, 7s are connected to the
driven object 8 so as to move the driven object 8 along the
direction of the axis of the transmission mechanisms 7m, 7s.
The driven object 8 is implemented by a machine tool table,
arms of an industrial robot, or the like.

The machine position detector 9 is implemented by a scale
or the like for detecting the position 0x of a machine, not
depicted, including the transmission mechanisms 7m 7s, as
position information relating to the first motor and position
information relating to the second motor.

The motor position detector 10m is implemented by a
rotary encoder, a hole element, a resolver or the like that
detects a rotation angle Om' of the main motor 6. The motor
position detector 10s is implemented by a rotary encoder, a
hole element, a resolver or the like that detects a rotation angle
0s' of the sub motor 6s.

The motor speed detector 11m takes an input of the rotation
angle Om' of the main motor 6m from the motor position
detector 10m. The motor speed detector 11m calculates a
rotation speed wm' of the main motor 6m as a speed of the first
motor through first-order differentiation of the rotation angle
Om' with respect to time and outputs the rotation speed wm' to
the motor controller 12.

The motor speed detector 11s takes an input of the rotation
angle 0s' of the sub motor 6s from the motor position detector
10s. The motor speed detector 11s calculates a rotation speed
ws' ofthe sub motor 65 as a speed of the second motor through
first-order differentiation of the rotation angle 8s' with respect
to time and outputs the rotation speed ws' to the motor con-
troller 12.

The motor controller 12 performs tandem control in which
the driven object 8 is driven by the main motor 6 and the sub
motor 6s, in order to reduce backlash between mechanical
elements of the transmission mechanisms 7m, 7s and the
driven object 8 and also to minimize a torsion of the drive
shaft of the main motor 6 and a torsion of the drive shaft of
the sub motor 6s. For that purpose, the motor controller 12
includes a subtracter 21m, a subtracter 21s, a position control
unit 22m which is a first position control unit, a position
control unit 22s which is a second position control unit, a
subtracter 23m, a subtracter 23s, a speed control unit 24m
which is a first speed control unit, a speed control unit 24s
which s a second speed control unit, a motor driving unit 25m
which is a first motor driving unit, a motor driving unit 25s
which is a second motor driving unit, a preload torque value
generating unit 26, an acceleration calculating unit 27, and an
integrated value selecting unit 28.

The subtracter 21m includes a positive input terminal
which receives a position command value 6m as a position
command value for the main motor 6m, which is the first
motor, from the master controller 13, a negative input termi-
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nal which receives a position 6x from the machine position
detector 9, and an output terminal which outputs a position
error Om-0x between the position command value 6m and the
position 8x to the position control unit 22m.

The subtracter 21s includes a positive input terminal which
receives a position command value Os as a position command
value for the sub motor 6s which is the second motor, from the
master controller 13, a negative input terminal which receives
a position 0x from the machine position detector 9, and an
output terminal which outputs a position error 0s-0x between
the position command value 6s and the position 6x to the
position control unit 22s.

The position control unit 22m generates a speed command
value wm for the main motor 6 as a first speed command
value on the basis of the position command value 6m, the
position 6x, and a position control gain Kd, which is a first
position control gain, in order to control the position of the
main motor 6m. For that purpose, the position control unit
22m includes an amplifier (not depicted) for the position
control gain Kd, which receives a position error 6m-6x from
the subtracter 21m and amplifies the position error Om-0x.
The position control unit 22m generates the speed command
value wm, which is the product of the position error 6m-0x
and the position control gain Kd, and outputs the generated
speed command value wm to the subtracter 23m.

The position control unit 22s generates a speed command
value ws for the sub motor 6s as a second speed command
value on the basis of the position command value 6s, the
position 6x, and a position control gain Kd', which is a second
position control gain, in order to control the position of the
sub motor 6s. For that purpose, the position control unit 22s
includes an amplifier (not depicted) for the position control
gain Kd' which receives a position error 8s-6x from the sub-
tracter 21s and amplifies the position error 8s-6x. The posi-
tion control unit 22s generates the speed command value ws,
which is the product of the position error 6s-0x and the
position control gain Kd' and outputs the generated speed
command value ws to the subtracter 23s. The position control
gain Kd and the position control gain Kd' may be equal to
each other.

The subtracter 23m includes a positive input terminal
which receives the speed command value wm from the posi-
tion control unit 22m, a negative input terminal which
receives the rotation speed wm' from the motor speed detector
11m, and an output terminal which outputs a speed error
wm-mm' as a first speed error which is a speed error between
the speed command value wm and the rotation speed wm' to
the speed control unit 24m.

The subtracter 23s includes a positive input terminal which
receives the speed command value ws from the position con-
trol unit 22s, a negative input terminal which receives a rota-
tion speed ws' from the motor speed detector 11s, and an
output terminal which outputs a speed error ws-ws' as a sec-
ond speed error which is a speed error between the speed
command value ws and the rotation speed ws' to the speed
control unit 24s.

The speed control unit 24m generates a torque command
value Tm as a first torque command value on the basis of the
speed error om-wm', a predetermined value which will be
described later, a proportional gain Kp which is a first pro-
portional gain, and an integration gain Ki which is a first
integration gain, in order to control the speed of the main
motor 6.

For that purpose, the speed control unit 24 includes a first
integrator, described later, into which the speed error om-om'
is input from the subtracter 23m for calculating the integrated
value Sm of the speed error om-wm', an amplifier, described
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6

later, for a proportional gain Kp for amplifying the speed error
(om-wm', and an amplifier, described later, for an integration
gain Ki which amplifies the predetermined value mentioned
above.

The speed control unit 24m generates a torque command
value Tm which is the sum of the product of the speed error
wm-mm' and the proportional gain Kp and the product of the
predetermined value mentioned above and the integration
gain Ki, and outputs the generated torque command value Tm
to the motor driving unit 25m.

The speed control unit 24s generates a torque command
value Ts as a second torque command value on the basis of a
speed error ws-ws', the predetermined value mentioned above
and the product of a proportional gain Kp' as a second pro-
portional gain and an integration gain Ki' as a second integra-
tion gain, in order to control the speed of the sub motor 6s.

For that purpose, the speed control unit 24s includes a
second integrator, described later, into which the speed error
ws-ws' is input from the subtracter 23s for calculating the
integrated value Ss of the speed error ws-ws', an amplifier,
described later, for a proportional gain Kp' for amplifying the
speed error ws-ws', and an amplifier, described later, for an
integration gain Ki' which amplifies the predetermined value
mentioned above.

The speed control unit 24s generates the torque command
value Ts which is the sum of the product of the speed error
ws-ws' and the proportional gain Kp' and the product of the
predetermined value mentioned above and the integration
gain Ki' and outputs the generated torque command value Ts
to the motor driving unit 25s. The proportional gain Kp and
the proportional gain Kp' may be equal to each other and the
integration gain Ki and the integration gain Ki' may be equal
to each other.

The motor driving unit 25m drives the main motor 6m on
the basis of the torque command value Tm and a preload
torque value +Pr, which will be described later. For that
purpose, the motor driving unit 25m includes an adder 41m, a
subtracter 42m and a current control unit 43m.

The adder 41m includes a first positive input terminal
which receives the torque command value Tm from the speed
control unit 24m, a second positive input terminal which
receives the preload torque value +Pr from the preload torque
value generating unit 26, and an output terminal which out-
puts a current command value Im for the main motor 6m,
which corresponds to the sum of the torque command value
Tm and the preload torque value +Pr.

The subtracter 42m includes a positive input terminal
which receives the current command value Im from the adder
41m, a negative input terminal which receives a current value
Im' from the current detector 5m, and an output terminal
which outputs a current error Im-Im' between the current
command value Im and the current value Im' to the current
control unit 43m.

The current control unit 43m receives the current error
Im-Im' from the subtracter 42m and generates a PWM signal
Vm corresponding to a voltage command value for the main
motor 6m on the basis of the input current error Im-Im'. The
current control unit 43m outputs the generated PWM signal
Vm to the inverter 4m.

The motor driving unit 255 drives the sub motor 6s on the
basis of a torque command value Ts and a preload torque
value —Pr, which will be described later. For that purpose, the
motor driving unit 25s includes an adder 41s, a subtracter 42s
and a current control unit 43s.

The adder 415 includes a first positive input terminal which
receives the torque command value Ts from the speed control
unit 24s, a second positive input terminal which receives the
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preload torque value —Pr from the preload torque value gen-
erating unit 26, and an output terminal which outputs a cur-
rent command value Is for the sub motor 6s, which corre-
sponds to the sum of the torque command value Ts and the
preload torque value -Pr.

The subtracter 42s includes a positive input terminal which
receives the current command value Is from the adder 415, a
negative input terminal which receives a current value Is'
from the current detector 5s, and an output terminal which
outputs a current error Is-Is' between the current command
value Is and the current value Is' to the current control unit
43s.

The current control unit 43s receives the current error Is-Is'
from the subtracter 42s and generates a PWM signal Vs
corresponding to a voltage command value for the sub motor
6s on the basis of the input current error Is-Is'. The current
control unit 43s outputs the generated PWM signal Vs to the
inverter 4s.

The preload torque value generating unit 26 generates, in
response to an excitation signal Se output from the master
controller 13, the preload torque value +Pr as a first preload
torque value to be added to the torque command value Tm
beforehand and the preload torque value —Pr as a second
preload torque value to be added to the torque command value
Ts beforehand such that a force applied to the drive shaft of
the main motor 6m and a force applied to the drive shaft of the
sub motor 6s are in opposite directions. The preload torque
value generating unit 26 outputs the generated preload torque
values +Pr and —Pr to the adders 41m and 41s, respectively.

The acceleration calculating unit 27 receives the position
command value Om from the master controller 13 and calcu-
lates an acceleration a as an acceleration for the first motor
through second-order differentiation of the input position
command value 6m with respect to time. The acceleration
calculating unit 27 outputs the calculated acceleration a to the
integrated value selecting unit 28.

The integrated value selecting unit 28 selects one of the
integrated values Sm and Ss as the predetermined value men-
tioned above, depending on the drive status of the main motor
6m and the drive status of the sub motor 6s.

FIG. 2 is a diagram illustrating an example of the integrated
value selecting unit and the speed control unit in FIG. 1 in
detail. As illustrated in FIG. 2, the speed control unit 24m
includes an integrator 31m, which is the first integrator, an
amplifier 32m, an amplifier 33m and an adder 34m.

The integrator 31m calculates an integrated value Sm. The
amplifier 32m is an amplifier for the proportional gain Kp,
which amplifies the speed error om-wm'. The amplifier 33m
is an amplifier for the integration gain Ki, which amplifies the
predetermined value mentioned above.

The adder 34m includes a first input terminal which
receives the product of the speed error om-wm' and the pro-
portional gain Kp from the amplifier 32m, a second input
terminal which receives the product of the predetermined
value mentioned above and the integration gain Ki from the
amplifier 33m, and an output terminal which outputs a torque
command value Tm which is the sum of these products.

As illustrated in FIG. 2, the speed control unit 24s includes
an integrator 31s, which is the second integrator, an amplifier
325, an amplifier 335, and an adder 34s.

The integrator 31s calculates an integrated value Ss. The
amplifier 32s is an amplifier for the proportional gain Kp',
which amplifies the speed error ws-ws'. The amplifier 33s is
an amplifier for the integration gain Ki', which amplifies the
predetermined value mentioned above.

The adder 34s includes a first input terminal which receives
the product of the speed error ws-ws' and the proportional
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gain Kp' from the amplifier 32s, a second input terminal
which receives the product of the predetermined value men-
tioned above and the integration gain Ki' from the amplifier
33s, and an output terminal which outputs the torque com-
mand value Ts which is the sum of these products.

As illustrated in FIG. 2, the integrated value selecting unit
28 includes a determination unit 28a and a switch 285. Accel-
eration a is input from the acceleration calculating unit 27 into
the determination unit 28a. The determination unit 28a deter-
mines, on the basis of the acceleration a, whether the motor
controller 12 is mainly driving the main motor 6m or mainly
driving the sub motor 6s. The determination unit 28a provides
a command that depends on the determination to the switch
28b. The switch 28b connects one of the output of the inte-
grator 31m and the output of the integrator 31s to the input of
the amplifier 33m and the input of the amplifier 33s in accor-
dance with the command from the determination unit 28a.

More specifically, when the acceleration a is kept greater
than a threshold value Th' which is a second value smaller
than zero (Th'<0) after the motor controller 12 has been set to
mainly drive the main motor 6m or after the acceleration a has
exceeded a threshold value Th which is a first value greater
than zero (Th>0), the determination unit 28« determines that
the motor controller 12 is mainly driving the main motor 6m.
On the other hand, when the acceleration a is kept smaller
than the threshold value Th after the motor controller 12 has
been set to mainly drive the sub motor 6s or after the accel-
eration a has decreased below the threshold value Th', the
determination unit 28a determines that the motor controller
12 is mainly driving the sub motor 6s. The threshold value Th
may be equal to the absolute value of the threshold value Th'.
The use of the two threshold values Th and Th' can prevent
chattering.

When the determination unit 284 determines that the motor
controller 12 is mainly driving the main motor 6m, the deter-
mination unit 28a controls the switch 285 so as to connect the
output of the integrator 31m to the input of the amplifier 33m
and the input of the amplifier 33s. Accordingly, the integrated
value selecting unit 28 selects the integrated value Sm as the
predetermined value mentioned above, so that the speed con-
trol unit 24m outputs the torque command value Tm which is
the sum of the product of the speed error om-wm' and the
proportional gain Kp and the product of the integrated value
Sm and the integration gain Ki, and the speed control unit 24s
outputs the torque command value Is which is the sum of the
product of the speed error ws-ws' and the proportional gain
Kp' and the product of the integrated value Sm and the inte-
gration gain Ki'".

On the other hand, when the determination unit 28a deter-
mines that the motor controller 12 is mainly driving the sub
motor 6s, the determination unit 28a controls the switch 285
s0 as to connect the output of the integrator 31s to the input of
the amplifier 33m and the input of the amplifier 33s. Accord-
ingly, the integrated value selecting unit 28 selects the inte-
grated value Ss as the predetermined value mentioned above,
so that the speed control unit 24m outputs the torque com-
mand value Tm which is the sum of the product of the speed
error om-wm' and the proportional gain Kp and the product of
the integrated value Ss and the integration gain Ki, and the
speed control unit 24s outputs the torque command value Ts
which is the sum of the product of the speed error ws-ws' and
the proportional gain Kp' and the product of the integrated
value Ss and the integration gain Ki'.

The master controller 13, which is implemented by a CNC
(Computer Numerical Controller) or the like, outputs the
position command value 6m to the subtracter 21m and the
acceleration calculating unit 27, outputs the position com-
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mand value 0s to the subtracter 21s and outputs the excitation
signal Se for generating the preload torque values +Prand —Pr
to the preload torque value generating unit 26.

In this embodiment, the motor controller 12 is imple-
mented by a processor including input/output ports, a serial
communication circuit, an analog-digital converter, a com-
parator and other components, and performs various pro-
cesses according to process programs stored in a memory, not
depicted.

FIG. 3 is a flowchart of an operation of the motor controller
illustrated in FIG. 1. First, the acceleration calculating unit 27
calculates the acceleration a and outputs the calculated accel-
eration a to the determination unit 28a (step S1). Then the
determination unit 28a determines whether or not the calcu-
lated acceleration a is smaller than the threshold value Th'
(step S2). When the acceleration a is smaller than the thresh-
old value Th', the determination unit 28a controls the switch
28b so as to connect the output of the integrator 31s to the
input of the amplifier 33m and the input of the amplifier 33s in
order to select the integrated value Ss as the predetermined
value mentioned above (step S3), then the process flow is
terminated.

On the other hand, when the acceleration a is greater than
or equal to the threshold value Th', the determination unit 28«
determines whether or not the calculated acceleration a is
greater than the threshold value Th (step S4). When the accel-
eration a is greater than the threshold value Th, the determi-
nation unit 28a controls the switch 285 so as to connect the
output of the integrator 31m to the input of the amplifier 33m
and the input of the amplifier 33s in order to select the inte-
grated value Sm as the predetermined value mentioned above
(step S5), then the process flow is terminated. On the other
hand, when the acceleration a is smaller than or equal to the
threshold value Th, the process flow is terminated.

FIG. 4 is a diagram illustrating an example of variations
with time in acceleration of the motor controlled by the motor
controller illustrated in FIG. 1. In an operation described with
reference to FIG. 4, the determination unit 28a selects, at time
t0 which is the start of the operation, an integrated value Ss as
the predetermined value mentioned above in order to set the
motor controller 12 to mainly drive the main motor 6.

In FIG. 4, the acceleration a linearly increases from zero to
al (a1>Th) in the period from time t0 to time t1. In the period
from time t1 to time t2, the acceleration a linearly decreases
fromal to a2 (a2<al). In the period from time t2 to time t3, the
acceleration a is maintained at a2 (the speed of the main motor
6 remains constant). In the period from time t3 to time t4,
the acceleration a linearly decreases from a2 to the threshold
value Th'. In other words, the acceleration a is kept greater
than the threshold value Th' in the period from time t0 to time
t4 after the motor controller 12 has been set to mainly drive
the main motor 6m. Accordingly, the determination unit 28a
determines that the motor controller 12 is mainly driving the
main motor 6 in the period from time t0 to time t4, and
selects the integrated value Ss as the predetermined value
mentioned above.

In the period from time t4 to time t5 in FIG. 4, the accel-
eration a linearly decreases from the threshold value Th' to a3
(a3<Th"). In the period from time t5 to time t6, the accelera-
tion a linearly increases from a3 to zero. In other words, the
acceleration a is kept smaller than the threshold value Th in
the period from time t4 to time t6 after the acceleration a has
decreased below the threshold value Th'. Accordingly, the
determination unit 28a determines that the motor controller
12 is mainly driving the sub motor 6s in the period from time
t4 to time t6, and selects the integrated value Ss as the prede-
termined value mentioned above.
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In the period from time t6 to time t7 in FIG. 4, the accel-
eration a is maintained at zero (the main motor 6 is at rest).
In the period from time t7 to time t8, the acceleration a
linearly decreases from zero to a4 (a4<a3). In the period from
time t8 to time t9, the acceleration a linearly increases from a4
to a5 (Th'<a5<0). In the period from time t9 to time t10, the
acceleration a is maintained at a5 (the speed of the main motor
6 remains constant). In the period from time t10 to time t11,
the acceleration a linearly increases from a5 to the threshold
value Th. In other words, the acceleration a is kept smaller
than the threshold value Th in the period from time t6 to time
t11 after the motor controller 12 has been set to mainly drive
the sub motor 6s. Accordingly, the determination unit 28«
determines that the motor controller 12 is mainly driving the
sub motor 65 in the period from time t6 to time t11, and selects
the integrated value Ss as the predetermined value mentioned
above.

In the period from time t11 to time t12, the acceleration a
linearly increases from the threshold value Th to a6
(Th<aé6<al). In the period from time t12 to time t13, the
acceleration a linearly decreases from al to zero. In other
words, the acceleration a is kept greater than the threshold
value Th' in the period from time t11 to time t13 after the
acceleration a has exceeded the threshold value Th. Accord-
ingly, the determination unit 28a determines that the motor
controller 12 is mainly driving the main motor 6 in the
period from time t11 to time t13, and selects the integrated
value Sm as the predetermined value mentioned above.

FIGS. 5A to 5D are diagrams illustrating an advantageous
effect of the motor controller according to the present inven-
tion. In FIG. 5A, solid curves o and f§ represent variations
with time in current command values Im and Is, respectively,
that occur when an integrated value Sm is selected regardless
of' which of the main motor 6m and the sub motor 6s is being
mainly driven by the motor controller 12 under the condition
where the preload torque values +Pr, —Pr are being generated.
A solid curve v in FIG. 5B represents a position error 0s-0m'
corresponding to the current command values Im and Is rep-
resented by the solid curves o and B, respectively.

In FIG. 5C, solid curves o and f§' represent variations with
time in the current command values Im and Is, respectively,
that occur when the integrated value Sm is selected while the
motor controller 12 is mainly driving the main motor 6m and
when the integrated value Ss is selected while the motor
controller 12 is mainly driving the sub motor 6s, respectively,
under the condition where the preload torque values +Pr, —Pr,
are being generated. In FIG. 5D, a solid curve y' represents a
position error 8s-6m' corresponding to the current command
values Im and Is represented by solid curves o' and f3', respec-
tively.

As represented by solid curves y and y', variations in the
position error 0s-0x when the integrated value Sm is selected
while the motor controller 12 is mainly driving the main
motor 6 and when the integrated value Ss is selected while
the motor controller 12 is mainly driving the sub motor 6s
under the condition where the preload torque values +Pr, —Pr
are being generated are much less than when the integrated
value Sm s selected regardless of which of the main motor 6m
and the sub motor 6s is being mainly driven by the motor
controller 12 under the condition where the preload torque
values +Pr, —Pr are being generated.

Thus, adverse effects of an increased position error 6s-0x
on the control of the main motor 6 and the sub motor 6s can
be avoided by selecting the integrated value Sm while the
motor controller 12 is mainly driving the main motor 6m and
selecting integrated value Ss while the motor controller 12 is
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mainly driving the sub motor 6s, under the condition where
the preload torque values +Pr, —Pr are being generated.

According to this embodiment, the integrated value select-
ing unit 28 selects one of the integrated value Sm and the
integrated value Ss as the predetermined value mentioned
above depending on the drive status of the main motor 6 and
the drive status of the sub motor 6s. Specifically, the inte-
grated value selecting unit 28 selects the integrated value Sm
as the predetermined value mentioned above when the accel-
eration a exceeds the threshold value Th (the main motor 6m
is mainly being driven) and selects the integrated value Ss as
the predetermined value mentioned above when the accelera-
tion a decreases below the threshold value Th' (the sub motor
6s is mainly being driven). By selecting one of the integrated
value Sm and the integrated value Ss as the predetermined
value mentioned above in this way, adverse effects of an
increased position error 0s-0x on the control of the main
motor 6m and the sub motor 6s can be avoided regardless of
which of the main motor 6 and the sub motor 6s is being
mainly driven while the main motor 6 and the sub motor 6s
are being driven.

FIG. 6 is a diagram illustrating another example of the
integrated value selecting unit and speed control unit in FIG.
1 in detail. As illustrated in FIG. 6, the integrated value
selecting unit 28 includes a determination unit 28a. The deter-
mination unit 28a receives the acceleration a from an accel-
eration calculating unit 27 and, based on the acceleration a,
determines whether the motor controller 12 is mainly driving
the main motor 6 or mainly driving the sub motor 6s.

When the determination unit 28a determines that the motor
controller 12 is mainly driving the main motor 6m, the deter-
mination unit 28« replaces the integrated value Ss calculated
by an integrator 31s with the integrated value Sm calculated
by the integrator 31m. The integrator 31s outputs the inte-
grated value Sm, instead of the integrated value Ss, to the
amplifier 33s. Accordingly, the integrated value selecting unit
28 selects the integrated value Sm as the predetermined value
mentioned above, so that the speed control unit 24m outputs
the torque command value Tm which is the sum of the product
of'the speed error om-wm' and the proportional gain Kp and
the product of the integrated value Sm and an integration gain
Ki, whereas the speed control unit 24s outputs a torque com-
mand value Ts which is the sum of the product of the speed
error ws-ws' and the proportional gain Kp' and the product of
the integrated value Sm and an integration gain Ki'.

On the other hand, when the determination unit 28a deter-
mines that the motor controller 12 is mainly driving the sub
motor 6s, the determination unit 284 replaces the integrated
value Sm calculated by the integrator 31m with the integrated
value Ss calculated by the integrator 31s. The integrator 31m
outputs the integrated value Ss, instead of the integrated value
Sm, to the amplifier 33m. Accordingly, the integrated value
selecting unit 28 selects the integrated value Ss as the prede-
termined value mentioned above, so that the speed control
unit 24m outputs the torque command value Tm which is the
sum of the product of the speed error om-mm' and the pro-
portional gain Kp and the product of the integrated value Ss
and the integration gain Ki, whereas the speed control unit 24s
outputs the torque command value Ts which is the sum of the
product of the speed error ws-ws' and the proportional gain
Kp' and the product of the integrated value Ss and the inte-
gration gain Ki'".

The present invention is not limited to the embodiments
described above and various modifications and variations are
possible. For example, while a position 6x of a machine is
used as position information relating to a first motor and
position information relating to a second motor in the
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embodiments described above, a rotation angle Om' of a main
motor 6m and a rotation angle 0s' of a sub motor 6 may be
used as the position information relating to the first motor and
the position information relating to the second motor.

While a position 8x of a machine is used to obtain a posi-
tion error of the sub motor 6s in the embodiments described
above, a rotation angle 8s' of the sub motor 6s may be used to
obtain the position error of the sub motor 6s.

While the above-described embodiments describe a case in
which an acceleration a of the first motor is calculated by
second-order differentiation of a position command value 6m
with respect to time, the acceleration a may be calculated by
second-order differentiation of a rotation angle 6m' with
respect to time, or by second-order differentiation of a rota-
tion angle 0s' with respect to time, or by dividing the sum of
the value calculated by second-order differentiation of the
rotation angle Om' with respect to time and the value calcu-
lated by second-order differentiation of the rotation angle 0s'
with respect to time by 2.

While the embodiments have been described with
examples where the preload torque value generating unit 26 is
provided, the preload torque value generating unit 26 may be
omitted.

What is claimed is:

1. A motor controller controlling a first motor and a second
motor in order to drive a single driven object, the motor
controller comprising:

a first position control unit generating a first speed com-
mand value on the basis of a position command value for
the first motor, position information relating to the first
motor and a first position control gain in order to control
a position of the first motor;

a second position control unit generating a second speed
command value on the basis of a position command
value for the second motor, position information relating
to the second motor and a second position control gain in
order to control a position of the second motor;

a first speed control unit including a first integrator calcu-
lating an integrated value of a first speed error, the first
speed error being a speed error between the first speed
command value and a speed of the first motor, the first
speed control unit generating a first torque command
value on the basis of the first speed error, a predeter-
mined value, a first proportional gain and a first integra-
tion gain in order to control the speed of the first motor;

a second speed control unit including a second integrator
calculating an integrated value of a second speed error,
the second speed error being a speed error between the
second speed command value and a speed of the second
motor, the second speed control unit generating a second
torque command value on the basis of the second speed
error, the predetermined value, a second proportional
gain and a second integration gain in order to control the
speed of the second motor;

an integrated value selecting unit selecting any one of the
integrated value of the first speed error and the integrated
value of the second speed error as the predetermined
value, depending on drive status of the first motor and
drive status of the second motor;

a first motor driving unit driving the first motor on the basis
of the first torque command value; and

a second motor driving unit driving the second motor on the
basis of the second torque command value.

2. The motor controller according to claim 1,

wherein the integrated value selecting unit selects the inte-
grated value of the first speed error as the predetermined
value when an acceleration of the first motor exceeds a
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first value which is greater than zero, and selects the
integrated value of the second speed error as the prede-
termined value when the acceleration of the first motor
decreases below a second value which is smaller than
Zero.

3. The motor controller according to claim 1, further com-
prising a preload torque value generating unit generating a
first preload torque value and a second preload torque value
such that a force applied to a drive shaft of the first motor and
a force applied to a drive shaft of the second motor are in
opposite directions, the first preload torque value being a
torque value to be added to the first torque command value
beforehand, the second preload torque value being a torque
value to be added to the second torque command value
beforehand.
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